The reason for the current increase of interest in all optical switching devices is that these devices can potentially operate at speeds much higher than those possible with electronic or optoelectronic switches. The nonlinear directional coupler has certainly been the most frequently studied device since it was proposed [1, 2] . Switching properties of this device, using continuous wave (cw) and very short pulses, have been extensively studied both theoretically [3 -16] and experimentally [17 -20] . It has been shown experimentally [20] that input pulses as short as 100 fsec can be used to obtain complete switching. In principle, this is not the fastest switching time that can be achieved with directional couplers.
Although much work has already been done to understand the processes taking place in a nonlinear fiber coupler, the theory of this device is still incomplete. Only special (and simple) cases have been considered using numerical [5 -7, 9] or semianalytical [8, 10, 12 -15] [18] ; this effect, which leads to incomplete self-switching, cannot be explained using simple theories.
Hence, a more elaborate approach is needed. [23, 24] , many features of it can be applied to infinite-dimensional systems described by partial differential equations [25] .
The most characteristic feature of a dynamical system described by nonlinear evolution equations is that smooth bound initial conditions give rise, during propagation, to a finite number of bound states (solitons) plus some amount of radiation, which disperses in time (or diffracts in space). The classical example of this type of behavior is the standard NLSE [27] with bound initial conditions. This happens in more complicated cases of systems which are Hamiltonian but nonintegrable [28] . Menyuk Our numerical simulations show that this is the case for the nonlinear directional couplers studied in this paper. In contrast to simple systems described by a single NLSE, the coupled set of NLSE's has composite soliton states rather than single solitons. Moreover, the coupled set of NLSE's has several types of soliton states [29] , although not all of them are stable [30] . Hence Step (i) of this sequence has been done previously in Ref. [29] , where the full set of soliton states for the coupled set of nonlinear Schrodinger equations has been found and a bifurcation diagram for them has been constructed.
Step (ii) has been partly done (for symmetric and antisymmetric states in a limited range of parameters) in Refs. [6] and [13] . A comprehensive study of the stability properties of the full set of soliton states has been recently completed in [30] .
Step (iii), and partially step (iv), are accomplished in this work. Numerical simulations starting from unstable symmetric and antisymmetric states, which are also in agreement with our general conclusion, have been done previously in Ref. [6] .
The results from steps (iii) and (iv) can be found asymptotically for large distances of propagation, where the soliton states are well separated from the radiation and from each other. This is analogous to a single NLSE where asymptotic results can be predicted from the spectrum of the inverse scattering problem. At short propagation distances there is still a strong interaction between the diFerent parts of the solution, and so each case has to be considered separately. Both cases, i.e. , short and long couplers, can be interesting in practice. Note also that we are considering here only the cases when two or more soliton states are well separated at the output. The cases when they are superimposed on each other are more complicated and require more numerical simulations to understand the processes in the coupler.
The remainder of this paper is organized as follows. In Sec. II we formulate the problem, summarizing the main conclusions obtained in Refs. [29] and [30] . In Sec. III we present some numerical results on the evolution of the unstable states. In Sec. IV we present several numerical results on the initial value problem. In Sec. V we summarize and discuss our results, comparing them with previous ones from other authors. Finally, Sec. VI contains our conclusions.
II. SOLITON STATES OF A NONLINEAR COUPLER
Pulse propagation in a dual-core fiber coupler, including the eFects of dispersion to second order and selfphase modulation can be described in terms of two linearly coupled nonlinear Schrodinger equations. In a reference frame traveling along the g axis with the light group velocity, this set of equations takes the form [5] iU, +-, (4) where q is the spatial frequency shift and u'(g, r) and v'(g, r) are the new envelope functions. It is supposed that these functions do not contain fast oscillations. The value q can be considered as the parameter of a soliton state family of solutions. It is analogous to the propagation constant in the theory of nonlinear guided waves [31] . The rest of the parameters of the soliton states depend on q. By inserting Eqs. (4) into Eqs. (1), one obtains iu (+ , 'u'"qu-'+~u-'~'u'+Kv'=0, iv(+ -, 'v,', -qv'+~v'~v'+Eu'=0, (5) which has two parameters q and E. Using 
solutions.
In addition to symmetric and antisymmetric states, the set of equations (5) (12) where uo(r) and vii(r) are some unstable soliton state, f(r) and h(r) are the perturbation functions as obtained in Ref. [30] ,and i' is a small parameter.
In The emission of these small subpulses from the signal can be considered as radiation which mostly propagates away from the signal and spreads out. Radiation emission is a general and unavoidable property of this problem. Although the dynamical system is Hamiltonian, the radiation emission makes the signal lossy. This could change the properties of the central pulse in propagation. We used some absorbers at the edges of the numerical grid to prevent the reflection of the radiation back to the center. The evolution of the peak amplitude of both pulses U(r=0)~and~V(r=0)~is shown in Fig. 4(a) . Because f = -h the pulse amplitudes change in opposite ways.
After propagating a certain distance up to )=3, during which the pulses hardly change, the field amplitudes diverge exponentially from their stationary values and after a short distance reach a different mean value, around which they oscillate. This oscillatory behavior is presented in Fig. 4 Fig. 1 ).
1 by the arrow. The surplus energy is emitted during transformation, in the form of small subpulses, symmetrically from both sides of the signal. This kind of pulse evolution had been observed previously in numerical simulations (see Figs. 1 and 2 of Ref. [6] ). However, the final states found through these simulations has been left unexplained in [6] because the asymmetric soliton states were unknown at that time. Moreover, we can predict that any type of initial perturbation will produce similar transformation because the symmetric state has only one eigenperturbation with a real growth rate [30) . This explains why the change of the initial perturbation did not qualitatively modify the pulse evolution shown in Fig. 4 of Ref. [6] .
The question is, in which core will the larger pulse appear at the output? Because of the symmetry of the problem, both channels should have the same probability. Fig. 7 (a) but becomes negligible in the case of Fig. 7(b) . [9] [see Figs. 5-8 of [6] and Fig. 6 (a) of [9] ] where results similar to our Fig. 7 In Fig. 8 
IV. INPUT PULSES LAUNCHED INTO ONE CHANNEL
In order to observe switching phenomena, the directional coupler is excited in only one channel [5] . conditions given by Eq. (14) , where Ao =2.3 and 0=2. 1 . This value of 0 is found to be the best to reduce radiation to the minimum value, and will be the same for all the cases exhibited in Fig. 8 Note that there are a couple of large oscillations of the energy before the convergence to a symmetric state takes place. This convergence to the symmetric state is presented more explicitly using the trajectories on the complex plane [ Fig. 10(a) ]. After one rotation around the origin, when most of the radiation is emitted, both trajectories begin to rotate, with smaller amplitude, around the points corresponding to a stable symmetric soliton state. This transition is indicated in Fig. 11 by the left arrow. This behavior is typical of initial conditions with low energies (Q 5). However, on decreasing the initial energy, the convergence to the symmetric soliton state becomes slower, and for very low amplitudes (Ao& 1. [14 -15] consider pulse propagation in nonlinear couplers using a variational approach with hyperbolic secant trial functions. This approach cannot be considered satisfactory in this problem for the following reasons. Using a trial function reduces the dynamical system with an infinite number of degrees of freedom to a dynamical system with a finite number of degrees of freedom. Solutions of the latter can greatly differ from the solutions of the former one. In particular:
(i) Using the trial function with fixed pulse shape [14] can "freeze" the second derivative on the left-hand side of the coupled set of equations (1) . This is the reason why the authors of [14] obtained qualitatively, for pulse prop-agation, the same results as those given by Jensen [2] for continuous-wave propagation. The overall motion is periodic below and above the threshold and it converges to equal energy splitting at the threshold. This is not correct, as our numerical simulations show. The whole motion is more complicated than that obtained by using a simple trial function. The approximation of [14] roughly describes the field behavior of the half-beat-length coupler. However, even in this case it does not take into account the dependence of the output signal on the initial pulse shape (see, for example, [7] ).
(ii) The prescribed evolution in pulse shapes in the variational approach does not follow the actual changes in shape given by the dynamical system defined by Eqs. (1) . This explains why the structure of bifurcations and the stability properties of the soliton states found in [15] are in disagreement with the exact results of Refs. [29] and [30] . The saddle-type (unstable) points in Fig. 1(b) of [15] would correspond to the A-type asymmetric states in our notation. However, it is found in [15] This also disagrees with the stability analysis of [30] .
(iii) The variational approach does not take into account the radiative part of the field, but it is important, as we found from our numerical simulations. Emission of radiation from the signal can inhuence the evolution of the pulses during propagation. Moreover, radiation plays an important role, allowing arbitrary initial conditions to produce a particular soliton state.
(iv) The important parameter which defines the stability properties of the soliton states is the spatial frequency shift q, as we found in [30] and this work. This parameter is hidden when the variational approach is used [14 -15] . This 
